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Abstract 
 
The present study was designed to examine behavioral responses (interpreted as preferences) 
to olfactory cues (nest bedding odor and odors of estrous and anestrus females) in adult male 
rats after they had had a short term reversible, bilateral, nasal obstruction (RbNO) as 
developing rat pups. These results were compared to behavior of control (untreated) and sham 
operated male littermates. Behavioral tests and physiological parameters were analyzed 90 
days after recovery of nasal breathing. Experiments investigated the time spent in arms or the 
centre of a maze of male rats in response to odors from the nest bedding or from adult 
females. There were no differences in responses between untreated, sham and RbNO adult 
male rats to fresh and nest bedding odors. RbNO males spent more time in the centre of the 
maze when given a choice of estrus or anestrus female odors, or bedding odors from untreated 
or sham operated female rats. In contrast untreated and sham male rats preferred the odors of 
estrous females and of untreated or sham females. Plasma corticosterone levels in the males 
increased during the behavioral tests. Plasma testosterone levels were significantly lower in 
RbNO males compared to untreated males and did not increase during the behavioral tests 
compared to sham operated males. Males from all groups had similar preferences for the odor 
of bedding from adult RbNO females. Plasma levels of cholesterol and triglycerides were 
increased in RbNO adults. In conclusion, short term nasal obstruction in males while juvenile 
has long term consequences on hormones and behavioral preferences, thus potential partner 
selection when adult.  
 
Word count body of abstract: 260 
 
Keywords: hormones, nasal obstruction, postnatal development, chemosensory, sex odor 
preference 
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1. Introduction 
 
Under normal conditions lack of olfaction is generally associated with the obstruction 
of the nasal cavities (Seiden and Duncan, 2001) which, if carried out early, could have 
negative effects on subsequent adult activities as growth of the neuronal population in the 
olfactory bulb extends up to post-natal day 20 (Bayer, 1983). Our previous study revealed 
indeed that reversible, bilateral, nasal obstruction (RbNO) induced in eight-day old rats led to 
an activation of the stress response with increased corticosterone as the final effecter (Gelhaye 
et al., 2006 a, b). The literature shows that increased plasma levels of corticosterone are 
associated with the expression of anxiety-related behaviors such as hyperactivity (Cao et al., 
2007), with modifications of novelty-seeking behavior (Alemany, 2008; Gelhaye et al., 
2006b, 2011), and social play in juvenile rats (Beatty and Costello, 1983; Risser and Slotnick, 
1987).  
Through olfactory deprivation and activation of the HPA axis, early nasal obstruction 
could disrupt, on the one hand establishment of exploratory behavior, a preliminary necessary 
for the emancipation and the dispersion of young mammals, and on the other hand the 
hormonal homeostasis of young individuals (Leon, 1992; Rossier and Schenk, 2003). Nasal 
obstruction generates numerous effects on the olfactory bulb, including reduction of its 
volume (Gelhaye et al., 2006a; Padzys et al. 2012) and a variety of neurochemical and 
functional changes (Brunjes, 1994). However, in spite of the blockage of the nasal cavities, 
odorants could, theoretically, reach the olfactory epithelium via the nasopharynx and this 
retronasal perception could mediate odor-guided behaviors in rodents (Coppola et al., 1994; 
Chapuis et al., 2007). 
In many species, including humans, chemosensory stimuli function as social cues that 
impact reproductive hormones and behavior (Doty, 2001; Jacob et al., 2001; Wirsig-
Wiechmann, 2001). In rodents, female odors (or pheromones) activate neurons in limbic 
circuits mediating male reproductive behavior and elicit gonadal steroid release in sexually 
naïve males (Meredith, 1998). The expression of reproductive behavior in sexually naïve male 
Syrian hamsters is absolutely dependent on female pheromones present in vaginal secretions 
and their transduction by the vomeronasal system (Meredith, 1986; Meredith and Howard, 
1992). In male hamsters and rats, exposure to female pheromones elicits a rise in testosterone 
within 60 min (Richardson et al., 2004; Wood et al. 2004). Furthermore, female 
chemosensory stimuli can be used to establish a classically conditioned endocrine response to 
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a neutral stimulus, confirming their roles as unconditioned stimuli for evoking reproductive 
responses in males (Graham and Desjardins, 1980). 
Olfactory recognition often appears to be important in establishing the bond between 
mammalian individuals. The young distinguish their own mother from other females by 
recognizing her distinctive odor (Hongo et al. 2000). An early imprinting with the correct 
odor may influence not only the young animal’s future recognition of and relations with its 
mother, but also its selection of a mate having a similar odor when it becomes adult. 
Mammalian pheromones used for individual recognition may volatilize directly from the body 
of the animal, or it may be deposited onto a substratum as a scent mark. A scent mark has the 
advantage of allowing an animal to identify the previous presence of either a known or an 
unknown individual of the same species in a particular area (Calamandrei 2004). These scent 
marks may act as loci for the general exchange of information such as the individual identity, 
as well as the age, sex, breeding condition, and social status of the marking animals (Müller-
Schwarze, 1971; Hudson, 1993).  
 The aim, therefore, of the present study was to evaluate in 110 days old adult male rats 
the effect of neonatal RbNO on normal exploratory behavior and on sexual odor 
differentiation. For the latter we used uniquely odor cues as it is well known that rats make 
ultrasonic vocalization during mating (Barfield and Thomas, 1986; Matochik and Barfield, 
1991). The effects of early olfactory deprivation on the stress response (corticosterone) on 
plasma levels of sexual hormones (progesterone, oestradiol and testosterone), and 
biochemical states (glucose, proteins, lipids) were also studied in adult rats. 
Our hypothesis was that early short-term olfactory deprivation (RbNO) would have a 
significant effect of some parameters of exploratory and/or prosexual behavior. Nest bedding 
odor recognition and choice of sexual partner odor (bedding from estrus and anestrus females) 
were therefore investigated in a two-choice situation. As vertebrates are frequently 
characterized as being able to recognize the physiological status of a sexual partner, we 
therefore tested also the choice of odors (anestrus) from untreated, sham or early nasally 
obstructed female rats in a three choice situation.  
 
 
2. Methods 
 
2.1. Animal care  
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Male and female Wistar rats (origin IFFA- CREDO) were used in these experiments. These 
pups were born in the laboratory from 15 litters, culled to 10 pups per litter (5 males and 5 
females) to ensure normal body growth. We used three male from each litter for each of the 
biological and behavioral tests. We used all females from each litter for behavioral tests. The 
animals were housed in standard cages under controlled temperature conditions (22 ± 1°C). 
Food (pellets of 12 mm, Harlan Interfauna Iberica SA) and water were available ad libitum 
throughout the experiment. From birth, the rats were kept on a reversed 12:12 light-dark cycle 
(dark period 08:00-20:00h).  
 
Methods were schematically in figure 1. 
 
2.2. Nasal obstruction procedure 
 
At the time of the experiments they conformed to the Guide for the Care and Use of 
Laboratory Animals published by the National Institutes of Health (no. 85-23, revised 1996), 
the recommendations of the European Community Council for the Ethical Treatment of 
Animals (no. 86/609/EEC) and the regulations of the University of Lorraine. All efforts were 
made to minimize animal suffering. 
 At 8 days of age, the litters were first anesthetized by hypothermia (10 min at -18°C), 
then weighed and then semi randomly divided into one untreated group, one control group 
(sham) and one experimental group (reversible, bilateral, nasal obstruction or RbNO). RbNO 
resulting in forced oral breathing was performed in experimental animals (15 per group and 
sex from five litters) as described previously by Gelhaye et al. (2006a, b; 2011) and Padzys et 
al. (2011a, b). The selected method, under cold anesthesia, consisted in cauterizing the 
external nostrils, which is the most common and simple procedure allowing reversible nasal 
obstruction in neonates. The tissue surrounding the external nostrils was burned by placing a 
surgical cauterizing instrument (1 mm in diameter) on the nostrils, consequently occluding the 
orifice of the nostrils without mechanical or chemical damage to the olfactory mucosa. This 
procedure induced complete nasal obstruction between D8 and D11 with 100 % of the nostrils 
reopened, bubble formation when tested with a mild soap solution, at D15 (Padzys et al., 
2012).  
In the sham group (SH), the nostrils were not sealed but the cauterizing instrument was placed 
about 1-2 mm above each nostril (15 per group and sex from five litters). After cauterization, 
the nostrils were washed with chlortetracycline (Aureomycine Evans 3%) to prevent 
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infection. In the untreated group (UT) the rats were anesthetized only (15 per group and sex 
from five litters). 
 The pups were warmed (37°C) for 30 min and returned to their mothers. The pups 
were weaned at 25 days of age and then housed in a cage with 2 conspecifics of the same sex 
and treatment. Animals were left undisturbed until the onset of behavioural testing and sample 
collection at 90 ± 4 days after post-reopening of the nostrils (D110). As shown schematically 
in Figure 1. 
 
2.3. Behavioral analysis:  
 
 All tests were carried out during the dark period under red light.  
 
Evaluation of physiological state (estrus or anestrus) of females: Females were tested 
behaviorally in a semi-circular arena (r = 30 cm) under dim red light, 10 min before odor 
partner preference test. The females were introduced into the cage containing a test male, who 
was allowed 6 mounts. Female lordosis behaviour (taken as a sign of estrus) and male mount 
frequency were scored for 10 min. Bedding of mounted females (estrus) and bedding of 
females that had refused mounting (taken as a sign of anestrus) were used for the odor partner 
test. 
 
Odor partner preference with no physical interaction tests: For behavioral observations we 
used a T-maze and a radial arm maze. The T-maze presented a start arm connected to two 
goal arms of equal dimensions (30 cm x 10 cm x 10 cm). The maze was constructed of 
Plexiglas, with a guillotine door separating the start box from the main stem of the maze. An 
experimental box (40 cm x 20 cm x 15 cm) was situated at the end of each goal arm and 
closed by a door with holes in it which allowed stimulation by smell. The radial arm maze 
was an array of three arms (30 cm x 10 cm x 10 cm) radiating from a central starting area. At 
the end of each arm we placed an experimental glass box (40 cm x 20 cm x 15 cm). In all 
cases, 45 ± 5 g of bedding material were placed in the experimental boxes and each peripheral 
box, placed at random, were presented only once. Each experimental box was tested only 
once. The experimental set-up was washed with an acetone-water solution (5%) between each 
test to obviate possible biasing effects of odor by the previous rats nest bedding.  
Two-Choice situation in T-maze. In order to evaluate exploratory behavior, the adult 
male rats were observed during 10 min in the two-choice situation “fresh bedding versus nest 
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bedding of a male”, then immediately after for evaluate their pro-sexual olfactory ability with 
“nest bedding of an UT estrus female versus nest bedding of an UT anestrus female”. The 
observation period (10 min) began when the rat entered the start arm of the T-maze and the 
guillotine door was closed behind it. The latency of the first choice (defined by the first 
contact between an animal and a lateral box), and the time spent with sniffing in each arm of 
the T-maze were recorded.  
Three-Choice situation in radial arm maze. Immediately after the behavioral 
observations in the T-maze, males were placed in the central box of the radial arm maze and 
allowed to choose between a box with “nest bedding of UT estrus female”, a box with “nest 
bedding of a SH estrus female”, a box with “nest bedding of an RbNO estrus female”. 
Females were the same age as the male, 110 ± 4 days. 
 The behavioral observation began the second the experimental rat touched the 
substratum of the central box and the tested rat was observed for 10 min after the first contact 
with one test box. The latency of the first choice (defined by the first contact between an 
animal and an experimental box), and the time spent with sniffing in each arm of the radial 
maze were recorded.  
The behavior of all males was videotaped with video tracking equipment and analyzed 
with the Smart-MA programme (Smart Panlab, Bioseb, France). The events were later 
quantified by a “blind” tester. To minimize the influences of possible circadian changes on 
behaviors, untreated, sham and RbNO animals were alternated for observation. They were 
observed at the same time of day (between 9:00 AM and 11:00 AM). The apparatus was 
maintained in the same position in the room throughout the duration of the study. 
 
2.4. Sample collection 
 
First samples: For hormone assays, rats were anesthesia 24 hr before behavior tests, nasal 
opening diameters were measured with a caliper and intracardiac blood samplings (500 – 
1000 µl) were taken between 11h and 12h for hormonal measurements. Blood was collected 
within 1-2 min into sterile heparinised syringes fitted with a 26-G needle. Plasma was 
immediately separated by centrifugation at 4°C (15 min at 3000 rpm) and the extracts 
aliquoted and stored at -36°C until the time of assay (corticosterone and testosterone). 
Second samples: Immediately after the end of the behavioral observations, rats were 
anesthesia, weighed and intracardiac blood samplings were taken with same method. Plasma 
was aliquoted and stored at -36°C until the time of the assay (biochemical and hormones).  
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2.5. Hormone assays 
 
Corticosterone, progesterone, 17 β-estradiol and testosterone concentrations were measured 
without an extraction procedure, using a commercially available EIA kit and performed 
according to the manufacturer's guidelines (Assay Designs Inc., USA). The concentration of 
hormones in plasma samples was calculated from a standard curve and expressed as ng/ml for 
corticosterone and pg / ml for sexual hormones. The intra- and inter-assay coefficients of 
variation were under 8.4 % and 13.1 % respectively for corticosterone, 9.2 % and 7.4 % 
respectively for progesterone, 7.6 % and 8.3 % respectively for 17 β-estradiol, 10.8% and 
14.6% respectively for testosterone. 
 
2.6. Biochemical assays: determination of glucose, protein and lipids levels  
 
Concentration of blood glucose was determined using a colorimetric method after 
enzymatic oxidation in the presence of glucose oxidase (Glucose-test, Randox, UK). The 
hydrogen peroxide that forms then reacts, under catalysis of peroxidase, with phenol and 4-
aminophenazone to form a red-violet quinoneimine dye as indicator. 
Protein content in 10 µl of plasma samples was determined according to the method of 
Bradford (1976) using bovine serum albumin as the standard. 
Triglycerides were determined using a colorimetric method after enzymatic hydrolysis 
with lipases (Triglycerides-test, Randox, UK). The indicator was quinoneimine formed from 
hydrogen-peroxide, 4-aminophenazone and 4-clorophenol under the catalytic influence of 
peroxidase. 
Cholesterol was determined using colorimetric method after enzymatic hydrolysis and 
oxidation (Cholesterol-test, Randox, UK). The indicator quinoneimine was formed from 
hydrogen peroxide and 4-aminoantipyrine in the presence of phenol and peroxidase. 
 
2.7. Statistical analysis  
 
The results were expressed as group means ± SE. Statistical analysis was performed by means 
of statistical software (Statview V5.0, Abacus concepts Inc., Berkeley, CA).  
Statistical analysis was done considering both the experimental condition (UT, Sham or 
RbNO) and whether two or three choice situations were used as factors. Therefore, a two 
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factor ANOVA was carried out. The same should be specified for: time spent in each arm of 
the T-maze, time spent in each arm of the radial arm maze; corticosterone and testosterone 
before and after behavioral tests. In this last case, the Tukey test was used to establish the 
inter-group comparison.  
Concerning the other physiological data, group differences were determined using analysis of 
variance (one way ANOVA). Analysis of Specific mean comparisons were then made using 
Tukey test.  
In all cases, the differences were considered significant at P < 0.05. 
 
 
3. Results 
 
3.1. Behavior tests 
 
Exploratory behavior during two-choice situation in T-maze 
 During the first test, “fresh bedding vs nest bedding”, no differences (P = 0.22) were 
observed between the three groups of males for latency of the first choice (Figure 2A). Rats 
chose more quickly the fresh bedding box (P = 0.03). 
The time spent in each arm (Fig. 3A) was comparable with the three groups (P = 0.18). The 
males spent approximately 80 % of time (428 sec) to explore-sniffing the T-maze. 
  
Pro-sexual behavior during two-choice situation in T-maze 
 The latency of the 1st choice (Figure 2B) was comparable when SH and UT males had 
to choose between “nest bedding of estrus females vs nest bedding of anestrus females” (P = 
0.82). RbNO males spent significantly more time in the centre of the maze before going into 
the box of the “bedding estrus females” than other males (F = 4.01, P = 0.02). 
 Fig. 3B shows that the induction of nasal obstruction affected the time repartition 
inside the maze with “nest bedding estrus female vs nest bedding anestrus female” (analysis 
of two-way ANOVA: treatment effect: F = 173.66, P < 0.0001; time spent in each arm: F = 
51.83, P < 0.0001; treatment*time: F = 3.52, P = 0.05). RbNO animals spent more time in the 
centre of the maze and thus less time in the nest sides compared to the untreated and sham 
males (p = 0.01). Sham and untreated rats spent significantly more time in the box of “estrus 
females” (p < 0.005).  
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Social recognition during three-Choice situation in radial arm maze 
 During the three-choice test, no differences were observed between the three groups of 
males for latency of the first choice: 18.1 ± 1.3 sec for untreated rats, 17.9 ± 1.2 sec for sham 
rats, and 20.5 ± 2.1 sec for RbNO rats (F = 1.77, P = 0.14).  
 Fig. 4 shows that differences were observed between RbNO and the two groups of 
males (UT and SH) for total time spent in each arm (analysis of two-way ANOVA: treatment 
effect: F = 73.95, P < 0.0001; time spent in each arm: F = 99.78, P < 0.0001; treatment*time: 
F = 13.54, P = 0.001). RbNO males spent less time in the “bedding untreated” and “bedding 
sham” and significantly more time in the center of the radial arm than the other males (p = 
0.01).  
No significant differences were observed between the three groups of male rats and time 
spends in the box of “bedding RbNO females”. Sham and untreated rats spent significantly 
less time in the center radial arm (p = 0.01). 
 
 
3.2. Body weight and Biochemical assay 
 
 Before the treatment, at 8 days of age, the weights of the three groups of rat pups were 
not significantly different (F = 3.80, P = 0.18): 17.8 ± 0.4 g. Table 1 shows that the weights 
were similar also at adulthood: 405 ± 13 g (F = 1.86, P = 0.17). After recovery of nasal 
breathing the diameter of the nasal opening in RbNO rats was slightly but significantly 
smaller than in the control and sham rats (F = 7.22, P = 0.004) but it did not prevent them 
from breathing through the nose.  
No differences were observed in male plasma glucose (F = 1.07, P= 0.35) and proteins levels 
(F = 1.17, P = 0.32) between RbNO, sham and untreated rats. Levels of cholesterol and 
triglycerides in RbNO male rats were significantly higher than sham and untreated males (F = 
4.51, P = 0.02 and F = 3.26, P = 0.05, respectively).  
 
 
3.3. Hormonal assay 
 
Corticosterone. Short term nasal obstruction produced a significant increase in plasma 
corticosterone levels compared with sham and untreated males. As shown in fig. 5, 
behavioural tests produced a significant increase in plasma corticosterone levels in the three 
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groups of males. The concentration of corticosterone was significantly higher in RbNO rats 
before and after the behavioral tests (analysis of two-way ANOVA: treatment effect: F = 4.75, 
P < 0.05; time: F = 4.90, P < 0.05; treatment*time: F = 6.80, P = 0.01. 
 
Sexual hormones. Fig. 6 shows that plasma testosterone levels were significantly different 
between the experimental groups before and after the behavioral tests (analysis of two-way 
ANOVA: treatment effect: F = 8.96, P < 0.001; time: F = 12.69, P < 0.0001; treatment*time: 
F = 23.99, P < 0.0001). The level of testosterone was significantly lower than in RbNO rats 
before tests (p = 0.01). The level of plasma testosterone increased significantly (p = 0.003) 
after the behavioral tests in SH and in UT rats. The level of plasma testosterone did not vary 
in RbNO rats between before and after the behavioral tests: 2.5 ± 0.7 ng / ml after tests. 
Table 2 shows that there were no significant differences in plasma 17 β-oestradiol and 
progesterone levels between the three groups after behavioral tests (F = 2.42, P = 0.09 and F = 
0.85, P = 0.43, respectively). 
 
 
4. Discussion 
 
These results show that a short term, precocious, reversal bilateral nasal obstruction (at 
8 days postnatal for 5 days) had a profound influence on the reactivity of naïve, adult male 
rats to odors of same age sexually mature female rats but not to a new environment (fresh 
bedding) indicating that exploratory and sniffing behavior were normal but sexual cue 
behavior appeared to be disrupted. Untreated and sham operated male rats of the same age 
and weight demonstrated normal behavior to the sexual queues as well as to the new 
environment. Furthermore, the RbNO rats had lower plasma testosterone levels but higher 
corticoid levels and were more reactive to stress.  
 
The untreated and sham adult naïve male Wistar rats of these experiments 
demonstrated a clear preference for the odors of receptive (estrus) females as compared with 
those of non receptive (anestrus) females. Male rats spend more time investigating the arm of 
a T maze which contained the odor from a receptive female than the arm which contained the 
odor from an anestrus female. These results are similar to those for male Sprague-Dawley rats 
(Stern, 1970). Sex odor preference is very important in the rat’s natural environment as it may 
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serve as a means for selecting appropriate sexual partners. However, the significance of the 
odor must be learned as sexual contact is necessary for the preference to appear. 
 
These experiments demonstrate that chemosensory information contained in urine and 
other secretions from conspecific females activates the HPG axis in sexually naïve adult male 
rats. Female odors elicited a rapid rise in plasma testosterone without affecting the other sex 
hormones. These experiments show in the rat an increased plasma androgen level with 
exposure to female secretions as has been reported previously in hamsters (Macrides et al., 
1974; Pfeiffer and Johnston, 1992; Richardson et al., 2004). The increase in testosterone that 
occurs 30 min after exposure to pheromones is unlikely to be directly involved in the initial 
activation of reproductive behavior, as males typically engage in the entire sequence of 
copulatory behaviors within minutes of being placed with a receptive female (Meek et al., 
1997; Romeo et al., 1999). The rise in testosterone after exposure to chemosensory 
information from the female most likely serves long-term functions, e.g., altering neural or 
behavioural responses to females in future encounters, or in reinforcing the behavior (Wood et 
al., 2004). 
 
If a naïve laboratory rat is introduced into a novel environment, the ensuing elevation 
of corticosterone has been regarded as a function of the novelty of that environment (Pfister 
and King, 1976). The rapid rise of corticoid levels as a consequence of exposure to a novel 
environment that we see here has been documented also by others (Bassett et al., 1973; 
Hennessy and Levine, 1978; Pfister, 1979). Furthermore, an increased level of corticosterone 
has been shown to reduce the testosterone response (Retána-Marquez et al., 2003) and this is 
clearly demonstrated here with the rats of these experiments. The novel environment 
provoked a greatly increased corticosterone response in the RbNO male rats compared to the 
untreated and sham rats. However, the testosterone response was attenuated in the RbNO 
animals. In fact it was no different from the levels before the tests indicating perhaps that 
there was no “sexual” stimulation. In normal rats the detection of receptive female odors is 
via the vomeronasal organ (Bakker et al., 1996). In contrast to the olfactory bulbs, which are 
the primary olfactory detection system, the vomeronasal organ does not detect long distance 
airborne molecules but is very sensitive to those found in close contact with urine of receptive 
females (O’Connell et al., 1978; Meredith and Fernandez-Fewell, 1994).  
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There could be other influences on sexual development that could be responsible for 
the results presented here. We have remarked already that in the RbNO group during infancy 
the mother spent more time licking the genital organs of males which at this time increased 
plasma testosterone levels (Gelhaye et al.; 2011; Padzys et al. 2011a) and this has been shown  
to be necessary for male rat masculinisation (Moore 1992). Furthermore, the olfactory bulbs 
of RbNO rats have been shown to be smaller than controls the day after the induction of 
blockade as well as at adulthood (Padzys et al., 2012). However, neither of these conditions 
had any reflection on the weight of the testicles suggesting that here at least development was 
normal (Padzys et al., 2011a).  
 
It is interesting that nasal obstruction was of only a short duration and very early in the 
life of the rat but the effects lasted until adulthood. Despite the funding that the narines were 
of slightly smaller diameter in the RbNO group compared the sham groups, it did not disturb 
normal exploratory behavior of the environment but uniquely aspects of pro-sexual behavior. 
This could indicate either lack of sexual maturation, slowed puberty, or an impossibility to 
differentiate female sex odors through decreased activation of the vomeronasal structure.  
However, the finding that the RbNO male rats spent more time in the centre of the maze 
rather than in the arm containing the bedding odor of an estrus female suggests that they could 
detect the odor but were not attracted by it. This would indicate also that the vomeronasal 
structure was functioning “normally”. Furthermore, the observation that the RbNO males 
spent more time in the centre of the maze or in the arm with the bedding odor of an RbNO 
female than in the arms with an untreated or a sham female compared with the untreated or 
sham males suggests that these rats could detect slight differences in the odors of the different 
females, and that they were slightly more attracted to the odor of the RbNO females. The 
physiological or hormonal reason for these results remains to be investigated.  
 
An unusual difference observed in the obstructed rats was increased levels of 
triglycerides and cholesterol in the plasma. These increased levels could indicate an increased 
basal level of stress, corroborated by the increased basal level of corticosterone. In stress there 
is a tendency for plasma levels of glucose to decrease and the release of glycerol and the 
accompanying triglycerides are needed to maintain these levels (Cahill et al., 1970). However, 
the rats appeared to behave normally and their exploratory behavior of the novel bedding was 
the same as the untreated and the sham rats. Increased plasma corticosterone levels support 
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the increased plasma cholesterol levels, once again indicating increased stress-induced 
cholesterol levels (Bryant et al, 1988). 
 
 In conclusion, we have shown that short term nasal obstruction in 8 days old male rats 
can have profound effects of the capacity of these rats when adult to be attracted to sexual 
odors from mature receptive females. However, it does not appear to have had a negative 
impact on the capacity to explore a novel environment. The long term consequence of this 
could influence the sexual behavior of the males and thus their capacity to reproduce. This 
particular aspect remains to be investigated.  
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Table 1: Effects in male rats with and without neonatal nasal obstruction on body weight, 
nasal open, plasma glucose, proteins and lipid levels at 110 days of age.  
Values are means ± SE. N = 15 rats per group. Analysis of ANOVA: triglycerides: F = 3.26 at 
two degrees of freedom = p<0.05; cholesterol: F = 4.51 at two degrees of freedom = p<0.05; 
Analysis of Tukey test: 
* 
p<0.05 versus untreated and sham. NS = not significant.  
 
Table 2: Effects in male rats with and without neonatal nasal obstruction on plasma 17 β-
estradiol and progesterone levels at 110 days of age. 
Values are means ± SE. N = 15 rats per group. Analysis by ANOVA: NS = not significant 
 21 
Figure 1: Time line of experimental protocol. 
 
Figure 2: Latency of the first choice of male rats at 110 days of age in a two-choice situation: 
(A) “fresh bedding vs nest bedding of male” and (B) « nest bedding estrus untreated female vs 
nest bedding anestrus untreated female » with untreated group (UT), sham group (SH), and 
animals with nasal obstruction at 8 days (RbNO). Values are means ± SE (n = 15 rats / 
group).  
Analysis of Tukey test: NS = not significantly different; * significantly different from “fresh 
bedding of male” at p = 0.03, * significantly different from “anestrus bedding” and from UT 
and SH groups at p = 0.05. 
. 
Figure 3: Impact of early nasal obstruction on male rats’ behavior in a two-choice situation: 
(A) “fresh bedding vs nest bedding of male” and (B) « nest bedding estrus untreated female vs 
nest bedding anestrus untreated female ». Distribution of the total time spent in each arm of 
the T-maze with untreated group (UT), sham group (SH), and animals with nasal obstruction 
at 8 days (RbNO). Values are means ± SE (n = 15 rats / group).  
3A: Analysis of Tukey test: NS not significantly different; *** significantly different from 
fresh and nest for all 3 groups of rat at p < 0.005. 
3B: Analysis of Tukey test: NS not significantly different; ** significantly different from UT 
and SH groups at p = 0.01; *** significantly different from UT and SH groups at p < 0.005. 
 
 
Figure 4: Distribution of the time spent in each arm of the radial arm maze with untreated 
group (UT), sham group (SH), and animals with nasal obstruction at 8 days (RbNO) in a 
three-choice situation: « nest bedding untreated female (UT) versus nest bedding sham female 
(SH) versus nest bedding RbNO female » (n = 15 rats / group).  
Analysis of Tukey test: NS not significantly different; * significantly different between 
different arms at p = 0.05; ** significantly different from UT and SH males at p = 0.01. 
 
Figure 5: Impact of early nasal obstruction on plasma corticosterone level before and after 
behavior tests in untreated (UT) group, sham group (SH) and animals with nasal obstruction 
at 8 days (RbNO). Values are means ± SE (n = 15 rats per group).  
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Analysis of Tukey test: NS not significantly different; * significantly different from UT and 
SH before behavioral tests at p < 0.05; ** significantly different from other groups after 
behavioral tests and different from other groups before behavioral tests at p < 0.01. 
 
Figure 6: Plasma sexual testosterone levels in untreated (UT) group, sham group (SH) and 
animals with nasal obstruction at 8 days (RbNO) before and after behavioral tests. Values are 
means ± SE (n = 15 rats per group).  
Analysis of Tukey test: NS not significantly different; * significantly different from UT and 
SH before behavioral tests at p < 0.05; **** significantly different from UT and SH groups 
after behavioral tests at p < 0.0001. 
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Table 1 
Body weight, nasal open, plasma glucose, proteins, and lipid levels at 110 days of age in male 
rats with and without neonatal nasal obstruction.  
Values are means ± SE. n = 15 rats per group. Analysis by ANOVA: * nasal open: F = 7.22 at 
two degrees of freedom, P = 0.004; *triglycerides: F = 3.26 at two degrees of freedom, P < 
0.05; * cholesterol: F = 4.51 at two degrees of freedom, P < 0.05; 
a
p<0.05 versus untreated 
and sham. NS = not significant.  
 
 
 
 
Groups 
 
Body 
weight 
(g) 
Nasal 
diameter  
(µm) 
Glucose 
 
(mg/dL) 
Proteins 
 
(mg/mL) 
Triglycerides 
 
(mg/dL) 
Cholesterol 
 
(mg/dL) 
Untreated 
 
401 ± 11 239 ± 1 235 ± 7 151 ± 6 93 ± 3 115 ± 10 
Sham 
 
421 ± 19 238 ± 1 236 ± 12 155 ± 7 99 ± 5 139 ± 20 
RbNO 
 
394 ± 10 214 ± 1 232 ± 5 132 ± 10 146 ± 10
a
 195 ± 15
a
 
 
ANOVA 
 
NS 
 
* 
 
NS 
 
NS 
 
* 
 
* 
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Table 2 
Plasma 17 β-oestradiol, and progesterone levels at 110 days of age in male rats with and 
without neonatal nasal obstruction. 
Values are means ± SE. N = 15 rats per group. Analysis by ANOVA: NS = not significant. 
 
 
 
Groups 17 β – estradiol 
(ng / mL) 
Progesterone 
(ng / mL) 
Untreated 
Sham 
Nasal obstruction 
1.3 ± 0.1 
1.7 ± 0.2 
1.9 ± 0.2 
2.1 ± 0.3 
1.9 ± 0.3 
2.3 ± 0.2 
 
ANOVA 
 
NS 
 
NS 
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